INTRODUCTION
Intussusception can occur anywhere in the small and large intestines. However, duodenal intussusception is rarely encountered because the duodenum is fixed onto the retroperitoneum. Therefore, duodenal intussusception is usually impossible, except in cases of malrotational abnormality [1, 2] , which permits excessive mobility of the duodenal wall. Some cases of duodenal intussusception without malrotational abnormalities have been reported, but it is unclear whether this phenomenon is true intussusception or simple mucosal prolapse [1] [2] [3] [4] [5] . Here, we present a case of true duodenal intussusception secondary to ampullary adenoma without malrotational abnormality.
CASE PRESENTATION

Chief complaints
A 66-year-old woman presented to our hospital complaining of whole-body edema and general malaise.
History of present illness
The patient's symptoms started 6 mo prior, with recurrent episodes of epigastric discomfort after meals. These symptoms gradually improved spontaneously.
History of past illness
The patient had a medical history free of illness.
Personal and family history
The patient had no family history of familial adenomatous polyposis.
Physical examination upon admission
Physical examination revealed pallor but no tenderness or palpable tumor in the abdomen.
Laboratory examinations
Blood analysis showed severe microcytic anemia (hemoglobin level 3.6 g/dL) and cholestasis. The type of anemia was iron deficiency, as revealed by a serum iron level of 5.0 μg/dL (normal range: 45-170 μg/dL) and a serum ferritin level of 0 ng/mL (normal: 5-152 ng/mL). In addition, the patient had a serum gamma-glutamyltranspeptidase level of 187 IU/L (normal: 5-30 IU/L) and a serum alkaline phosphatase level of 851 IU/L (normal: 100-300 IU/L), though her serum total bilirubin level was normal. Amylase was also not elevated. Although these factors did not lead to jaundice, the cholestasis gradually worsened until surgery (serum gamma-glutamyltranspeptidase level 614 IU/L, serum alkaline phosphatase level 3515 IU/L).
Imaging examinations
Abdominal computed tomography (CT) on admission demonstrated a 4.5 cm tumor at the proximal jejunum. The whole structures surrounding the ampulla, including the common bile duct (CBD) and the major pancreatic duct, deviated in the left-lower direction. Intussusception was not identified (Figure 1) . Furthermore, drip infusion cholecystocholangiography-CT showed dilatation of the CBD-intrahepatic bile duct and marked left-lower deviation of the CBD and ampulla (Figure 2 ). The tumor was further evaluated by endoscopy, revealing a pedunculate papillary polyp with minor bleeding located on the second part of the duodenum that migrated distally with mucosal elongation (Figure 3 ). Biopsy material from the tumor indicated an adenoma without malignancy. Because the ampulla was not identified by endoscopy, endoscopic retrograde cholangiopancreatography was not performed.
Because of the progression of cholestasis, we conducted follow-up CT of the abdomen 3 d after admission, and the scan revealed duodenal intussusception (Figure 4) . A tumor as the lead point and retroperitoneal structure, including the head of the pancreas and fat, was observed to invaginate beyond the duodenojejunal flexure to the jejunum. The target sign appeared when the CT beam was perpendicular to the longitudinal axis of the intussusception. The whole structures surrounding the ampulla were further deviated toward the left-lower direction. Ischemia of the bowel was not observed.
FINAL DIAGNOSIS
The final diagnosis of the presented case is ampullary adenoma repeating intussusception and its reduction.
TREATMENT
The patient underwent subtotal stomach-preserving pancreaticoduodenectomy at one month after admission. Laparotomy showed that the intraduodenal tumor had prolapsed beyond the duodenojejunal flexure to the proximal jejunum, but intussusception was not identified ( Figure 5 ). The tumor easily slid back into the second part of the duodenum, and we found no evidence of malrotation or incomplete fixation of the duodenum. The patient was discharged 4 weeks after the operation with no trouble.
OUTCOME AND FOLLOW-UP
Histology confirmed a 4.5 cm × 3.8 cm × 2.6 cm ampullary tubulovillous adenoma with no dysplasia originating from the duodenal epithelium in the papilla of Vater ( Figure 6 ). There was no evidence of intraductal extension or malignancy. The patient has had no symptoms for a year postoperatively.
DISCUSSION
Intussusception is defined as the invagination of one segment of the bowel into an immediately adjacent segment [6] . As this complication requires free mobility of the intestine, duodenal intussusception is usually impossible because a large portion of the duodenum is fixed to the retroperitoneum, except in cases of malrotational abnormality [1, 2] . However, there are some reports of cases of duodenal intussusception without malrotational abnormalities. Saida et al [4] noted that distal migration of duodenal tumors might have been misinterpreted as intussusception in most of these reports. Distal migration can occur as a result of mucosal elongation and slipping. This phenomenon was introduced as mucosal prolapse [2, 3] , whereby the enveloping mucosa is elongated and results in a mucosal stalk as a tumor migrates distally by peristalsis. If the tumor migrates more distally, the wall of the duodenum and proximal jejunum become deformed. A schema by Greenwald et al [7] also suggested mucosal prolapse, though this complication was termed intussusception.
The diagnosis of intussusception has been based on a classic radiologic "coiledspring sign" on contrast radiographs or a "target sign" on CT or ultrasonography; however, mucosal prolapse can mimic these signs without evidence of intussusception [8, 9] . Indeed, for a definitive diagnosis of intussusception, the coiled-spring sign should have a structure consisting of multiple layers to reflect involvement of the intussuscipiens and intussusceptum; the target sign should also have fatty elements, including mesentery and omentum [10] . True intussusception involves invagination of the entire thickness of the bowel wall and its mesentery into the adjacent bowel. Moreover, clear visualization of a fat plane between the bowel walls is necessary when CT is used for diagnosis [11] . There have been no reports to date showing these findings in detail in a case of duodenal intussusception.
In our case, invaginating fatty elements, including the head of the pancreas, were identified in the target sign on follow-up CT. Therefore, we concluded that duodenal intussusception was present. In duodenal intussusception, invaginating mesentery will coincide with the head of the pancreas. To the best of our knowledge, the presented case is the first in the literature to clearly describe duodenal intussusception without malrotational abnormality. Furthermore, we confirmed mucosal prolapse in this case. Endoscopic and intraoperative findings suggested mucosal prolapse. Although CT on admission did not show intussusception, the ampullary tumor was identified at the proximal jejunum, and the whole structures surrounding the ampulla were similarly deviated toward the left-lower direction, also suggesting mucosal prolapse.
The enveloping mucosa is always elongated distally as mucosal prolapse, and the wall of the duodenum and proximal jejunum become deformed due to peristalsis. A more strongly elongated mucosa appears to lead to intussusception, and the head of the pancreas is pulled along with the mucosa. However, intussusception does not last for a long time and reduces spontaneously, as in this case. Therefore, bowel ischemia was not present in this case. Although the pathogenesis of this condition remains unclear, retrograde traction may occur as the invagination progresses more distally because of the lack of mobility of the duodenum and pancreas. Duodenal intussusception appears to be an extension of mucosal prolapse.
In our case, intermittent compression of the CBD and pancreatic duct caused by the intussuscepted duodenal segment led to massive duct dilation and cholestasis. This dilation was not caused by obstruction due to the tumor itself because the tumor pathologically invaded neither the bile duct nor the pancreatic duct. Moreover, the patient's serum total bilirubin level did not rise because even though it was compressed, the bile duct was not completely obstructed; nonetheless, the cholestasis gradually worsened until surgery. If not treated properly, jaundice and pancreatitis might ensue. Severe anemia was also present due to minor chronic bleeding of the tumor and not by the intussusception. In cases of duodenal intussusception, it is important to carefully consider pancreaticobiliary symptoms in addition to bowel obstruction.
Less-invasive surgical ampullectomy, as opposed to pancreaticoduodenectomy, can be considered as a treatment for ampullary adenoma [12, 13] . However, we performed pancreaticoduodenectomy because there is a risk of injury to the pancreatic parenchyma with surgical ampullectomy [14, 15] . We suspected that the parenchyma of the head of the pancreas had been chronically stretched beyond the duodenal muscularis propria with the common channel by the intussusception and mucosal prolapse, though this could not be proven pathologically. Considering the risk of tumor malignancy and that surgical ampullectomy is not a frequently performed procedure, pancreaticoduodenectomy is an appropriate choice in such cases. Duodenal intussusception is possible even if there is no malrotational abnormality. This phenomenon is also associated with mucosal prolapse. Pancreaticobiliary symptoms in addition to bowel obstruction should be considered in duodenal intussusception. This case report may contribute to clarifying the pathology of duodenal intussusception. . The target sign has fatty elements, including the pancreatic parenchyma (white thin arrow) and pancreatic duct (white arrowhead), in addition to the intussusceptum (white thick arrow) and intussuscipiens (black thick arrow). The pedunculate ampullary tumor is 4.5 cm × 3.8 cm × 2.6 cm in size. A sonde is passed through the biliary tract (white arrow); C: Histology confirms an ampullary tubulovillous adenoma with no dysplasia originating from the duodenal epithelium in the papilla of Vater. There is no evidence of intraductal extension or malignancy (hematoxylin and eosin staining, × 100).
CONCLUSION
